Abstract This is an empirical study on the pricing of two vertical property attributes: floor level and building height. Floor level is the vertical location of a unit in a multi-storey building; the extra price paid for a higher floor level is labelled a floor-level premium. Previous hedonic price studies unequivocally showed that the floor-level premium is positive, but they were silent on whether its magnitude varies with floor levels and with buildings of different heights. Indeed, building height is a feature of a building, not its constituent units, so it is not clear whether building height alone should affect the units' prices. Based on a sample of highly homogeneous housing units in buildings of varying heights, we found that (1) the floor-level premium was not constant, but diminished as floor level increases; (2) there was no significant difference in the pattern of the floor-level premium between high-rise and low-rise buildings; and (3) there was a positive and significant premium for units in low-rise buildings over those in high-rise ones. These findings can help developers determine the optimal height and shape of their development.
distance of a property from the city centre, but is also extended to account for more complex spatial settings such as neighbourhood quality and accessibility to amenities. Many studies have examined location choice in relation to property value, socio-economic and demographic characteristics, and environmental factors (see, for example, Gabriel and Rosenthal 1989 and Gelfand et al. 2004 ).
This study extends previous research by examining empirically whether and how the price of a property varies with its vertical location and boundary. Most previous studies focused on the geographic (horizontal) dimension of location, while the vertical dimension of location has received much less attention. This inevitably limits our understanding of the value of high-rise living commonly seen in major cities around the world. Our study seeks to fill this knowledge gap by (1) examining the issues of transportation, environmental quality, and population density arising from high-rise living and (2) presenting comprehensive evidence on the pricing of two vertical property features through a carefully controlled experiment in Hong Kong.
The two vertical features that this study will empirically examine are floor level and building height. Floor level is the vertical distance between a housing unit and the ground level of a building, whereas building height represents the vertical distance between the roof and ground levels. These vertical features are key design parameters that developers have to carefully consider at the feasibility stage of a construction project. For instance, given a fixed development density (plot ratio), a developer needs to decide whether he should construct one super-tall tower or multiple blocks of shorter buildings. His decision would depend on the revenue and cost of different building designs, and property buyers' willingness-to-pay for vertical features is certainly a key determinant of the revenue.
The methodology of this study will be a hedonic price analysis of housing units located at different floor levels of apartment buildings. Before we present the empirical model, it is necessary to define two frequently used concepts that are central to this study. First, the floor-level premium refers to the extra price paid for higher vertical location (i.e., an upper floor level) of a housing unit. In a hedonic price framework, this is the marginal effect of a floor-level variable (FL) on property prices (P).
1 The pattern of floor-level premiums along the vertical dimension of a building resembles Alonso's housing price gradient for a city. Second, a low-rise premium/discount is defined as the price paid for a housing unit in a shorter (low-rise) building compared to that for a taller (high-rise) building, with all other factors (including the floor level) being equal. In the next section, we shall introduce the hedonic price framework and discuss the pricing of floor level and building height in greater detail.
Pricing of vertical location and building height
Consider a very simple model of Ricardian rents in which a higher price is charged for land with locational advantages. Traditionally, as in Alonso's model, transportation cost is taken as the sole locational consideration so that land closer to a city's centre commands a higher price. To a certain extent, this is also true for housing units on lower floors, which have shorter ''commuting'' time to the building entrance and enjoy higher substitutability between staircases and lifts. These units, however, also suffer more from environmental problems, including air pollution, noise, lack of views, and security risk (Chau et al. 2004 ).
With the good and bad effects acting against each other, housing prices have to be adjusted to compensate for the net advantage of a vertical location. A graph discerning these two opposite effects is shown in Fig. 1 . Since transportation cost (in terms of commuting time) is normally minimal in the presence of lift services, environmental quality tends to be the dominant effect. If this is the case, housing prices should rise with floor level, with all other factors being equal.
The price of vertical location can be estimated by adding a ''floor'' variable in a hedonic price model. Although floor level has seldom been the focus of hedonic price studies, it is routine to include ''floor'' in the hedonic price model for multi-storey buildings.
2 Table 1 summarized the previous hedonic price studies that included ''floor'' as an independent variable. They unequivocally showed that the floor-level premium was positive (i.e., qP/ qFL [ 0), so housing units located on higher levels tend to command a premium. This observation appears to be universal across countries, including China, France, Hong Kong, Israel, Singapore, Switzerland, the UK, and the US. However, earlier researchers ignored the way in which the positive premiums varied with floor level and building height-they often treated one or more of the following assumptions as maintained hypotheses (without empirical tests) in their models:
(1) Linearity hypothesis: the floor-level premium is constant across different floor levels within the same building (or, more generally, buildings of the same height, H):
(2) Absolute floor-level hypothesis: given the same floor level, the floor-level premium is constant across buildings with different heights:
There is, however, neither theoretical nor empirical justification for accepting these as maintained hypotheses. This study treats these as null hypotheses and empirically tests their validity. The first hypothesis may not hold because the marginal benefit of being located one floor higher is not necessarily fixed the higher one goes. 3 As shown in Fig. 1 , the floor-level premium represents the combined effect of transportation and environmental quality. Even if the marginal savings in transportation cost are constant, changes in environmental quality are likely to be non-linear. For instance, in avoiding street-level noise, the benefit of moving from the 10th to the 11th floor may be much smaller than that of moving from the 4th to the 5th floor due to diminishing marginal utility and/or the inverse square law governing sound transmission. We will therefore test whether floor-level premiums vary by floor. This is equivalent to testing if the land rent gradient is constant in a city when both transportation savings and environmental quality vary by location.
The second hypothesis is particularly interesting in the context of high-rise and low-rise buildings. It raises the question of whether the same floor-level premium is paid for highrise and low-rise buildings. For instance, given two otherwise identical buildings, do we pay the same floor-level premium for the 5th floor of a six-storey building and for that in a 36-storey building? ''Of course'' seems to be the intuitive answer, but the picture would be different if one considers the 5th floor a ''high'' floor in the six-storey building, but a ''low'' floor in the 36-storey one. In fact, when apartment units are marketed (e.g., advertised), it is common to emphasize the floor zone (e.g., low, mid, or high zone) rather than the exact floor level. Some previous studies also applied this logic in their hedonic price models. For instance, Anderson (2000) defined ''relative floor'' as the ratio of the actual floor level on which a property is located to the total number of storeys in the building. If the market values a ''relative floor'' rather than its absolute altitude, then one would expect to see different patterns of the floor-level premium in low-rise and high-rise buildings. This is the second test we will perform. This is similar to testing if the rent gradients of different sized cities are the same. 4 The third hypothesis that we will test is related to building height, which represents a building size when its footprint area is held constant. Building height is a feature of a building, not its constituent units, so it is not clear whether building height alone should affect the units' prices. Some studies incorporated the number of floors into their models (Gu and Colwell 1997; Baranzini and Ramirez 2005) , but they often treated it as a trivial variable without further elaborating on the reasoning behind its use. For example, Gu and Colwell (1997) simply said, ''people prefer low buildings [to] higher ones'' (p. 136). Most other hedonic studies even ignored the effect of building height, thus assuming that (i.e., offered a constant density hypothesis):
Apparently, one could argue for a premium on high-rise buildings due to the prestige or reputation that their owners may enjoy.
5 On the other hand, it can also be argued that there should be a discount on high-rise buildings because of the higher population densities they boast in common areas (assuming that they all have identical footprint areas). High density can have three undesirable effects. First, residents may feel overcrowded and stressed. A number of theoretical studies showed that places with higher population densities likely have a variety of negative effects on their residents, including physical, psychological, and social illnesses (Zlutnick and Altman 1972) ; stress and stress-related illnesses (Calhoun 1957) ; and crime and intergroup violence (Hartley 1972 ). Yet, empirical findings were mixed-some studies confirmed the negative effects (Galle et al. 1972; Tanaka et al. 1996) , while others found a weak or even no association (Mitchell 1972; Schmitt et al. 1978; Millar 1979) . Second, a high-density building reduces one's sense of privacy and tranquility. It is not unusual to see conflicts among residents over the sharing of communal facilities like staircases, corridors, lifts, and lobbies in condominium residences. Forced social interaction between non-relatives as a result of flat-sharing tends to create stress and tensions (Mitchell 1972) . Third, the 2003 Severe Acute Respiratory Syndrome (SARS) outbreak further highlighted the dangers of living in a high living density environment because such a setting more easily facilitates the transmission of communicable diseases (Department of Health 2003; World Health Organization 2003) . All these density effects suggest lower property prices for flats in high-rise buildings when compared to those in low-rise buildings (i.e., a low-rise premium), with all other things being equal. This is the third hypothesis that this study shall test.
The next section will outline how we will test the aforesaid hypotheses. We chose Hong Kong as the place for this empirical study in view of its high population density, abundance of multi-storey buildings, and active property market. With a total land area of 1,100 km 2 and a present population of seven million, its overall population density is about 6,100 persons per km 2 . When considering urban areas alone, the population density is four times higher-about 26,000 persons per km 2 . To house so many people within the small land area, the government and private developers have built a large number of multi-storey 4 The monocentric city model asserts that the rent gradient is associated with transportation costs and density, not city size (DiPasquale and Wheaton 1996) . 5 When comparing high-and low-rise buildings, one must bear in mind that other factors, including floor level, are held constant. It makes no sense to compare a unit on 50/F of a high-rise building with a unit on 10/F of a low-rise building.
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buildings. In 2004, the government estimated that there were around 42,000 private buildings territory-wide (Housing Planning and Lands Bureau 2004). Chau et al. (2005) provided statistics to show that Hong Kong's housing market, which is dominated by highrise residences, is one of the most actively transacted housing markets in the world. These competitive advantages make Hong Kong a highly favourable laboratory for gauging the effect of floor level and building height on property prices.
Methodology
Before carrying out our analysis, we need to provide a workable definition of the density of a building. We suppose that there are two building groups that are exactly the same except for their heights (i.e., one group is high-rise and the other is low-rise). Since they have the same number of flats and the same floor area on each storey, the taller building would have a higher population density in its common areas (e.g., a larger number of people sharing lift lobbies and communal facilities) than the shorter one. This means we can simply measure building density by building height. In the following sections, we will use the terms building density and building height interchangeably.
To evaluate how floor level and building height are priced, we applied hedonic price analysis, which has been frequently applied to study property prices (e.g., Leishman 2001; Song and Quercia 2008) . According to Rosen's (1974) seminal work, hedonic price models can extract the implicit price of property attributes from property transaction prices. As such, they can be used to estimate the implicit prices of floor level and building height. But in the real world, buildings that vary by height usually have very different designs and location characteristics, rendering the separation of the implicit price of height from other design and location attributes difficult.
In Hong Kong, we were able to avoid the above collinearity problem by finding a housing estate (Telford Gardens) that has buildings with highly homogeneous attributes except for their heights (ranging from 11 to 26 storeys). Telford consists of 41 apartment building blocks with the same typical floor plan and building services systems. While the majority of the blocks are 11-12 storeys high (low-rise), there are 10 blocks that are 25-26 storeys high (high-rise). This unique housing development offers us a very good sample to study how property prices vary with floor level and building height.
For the sample, we collected the transaction data for housing units on or below the 10/F and excluded units on or above the 12/F, as the transactions for units located on these floors were only available for the taller buildings. We also excluded flats on the 11/F because they are located just beneath the roof and are more prone to water leakage and noises, as well as vibrations generated by lifts. The quality of the top floor is therefore likely to be different from that of a lower floor. After eliminating non-usable transactions, a total of 807 transactions that took place from January 2000 to August 2006 remained in our sample. Table 2 presents the descriptive statistics of the data. Transactions were reasonably distributed across the chosen range of floor levels (1/F-10/F), with an average of 5.33 and standard deviation of 2.84. In terms of building height, 75% of the transactions came from the low-rise buildings, a distribution that is consistent with the population (31 out of 41 blocks are low-rise). The majority (80%) of purchases were single sales within the sample period, so selection bias due to repeat purchases should not be a major concern.
To estimate the implicit price of building density, we set a linear hedonic price model as follows:
The variables used in Eq. 4a are defined in Table 3 . Variables like building age, flat size, views, distance to the MTR station, and time factors are control factors. 6 Our first focus was on b 1 , which measures the relative price of a low-rise building to a high-rise building (i.e., a test of Hypothesis 3). We expected its sign to be positive because, as discussed before, living in a dense environment may lead to overcrowding and higher mental and physical health risks. Our second interest lay in the coefficients of floor levels c 1 and c 2 . We added a square term for floor level to cater for any non-linear effect (i.e., a test of Hypothesis 1). 7 We expected c 1 to be positive and c 2 to be negative. We also estimated a more flexible specification for the price-floor relationship by replacing the continuous floor variable with floor dummies FL(j) (see Table 3 for its definition) as the independent variables in the hedonic price model specification:
The first floor is taken as the base floor level. As such, the coefficients of the floor dummies should be positive and increasing with floor level.
To test Hypothesis 2, we relaxed the assumption in Eq. 4a and 4b that the patterns of the floor-level premium are the same for both low-rise and high-rise buildings. We added an interaction term for the low-rise dummy (LR) and floor levels (FL and FL(j)) to Eq. 4a and 4b. The resulting equations were: The base period for the time dummies was January 2000. The base view type for the view dummies is a building view. 7 We tried to add the square terms of AGE and SIZE to the equation, but they were insignificant.
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If the coefficients of these interactive terms are significant, then that would imply different patterns of the floor-level premium. We shall present and discuss the results in the next section. The statistical software employed is EViews 6.
Results
The results of the two hedonic price models without interaction terms (i.e., Eq. 4a and 4b) are shown in Columns 1 and 2 of Table 4 . The R-squared values of these models were over 85%, indicating that our models explained a great deal of variability in the data. The two models were similarly structured except that Eq. 4a assumed a quadratic floor function and Eq. 4b a flexible step function. For both models, the coefficients of the control variables (except AGE and MTRD) were highly significant with expected signs and comparable 
P it
The transaction price (in HK$million) of property i at time t
LR i
A building height dummy that equals 1 when property i is a low-rise and zero when it is a high-rise
FL i
The floor level of property i FL(j) i A floor dummy that equals 1 when property i is on the jth floor and zero if otherwise (base floor = 1/F)
AGE i
The building age of property i in months
The gross floor area of property i in square feet
RDV i
A view dummy that equals 1 when property i possesses a view facing the road and zero if otherwise
GDV i
A view dummy that equals 1 when property i possesses a view facing the podium garden and zero if otherwise
DPV i
A view dummy that equals 1 when property i possesses a view facing the MTR depot and zero if otherwise
MTRD i
The distance between property i and the MTR station in metres
A monthly property price index for residential developments published by the Rating and Valuation Department, HKSAR Government (Index = 100 in year 1999) a, b, c and v
Coefficients to be estimated
The error term capturing all unmeasured effects magnitudes. 8 Most importantly, we found the following results regarding floor-level and low-rise premiums: We employed White's standard errors to adjust for heteroskedasticity a Significant at the 5% level b Significant at the 1% level 8 The insignificance of AGE and MTRD was probably due to low data variations. All buildings in the residential estate were built between 1980 and 1982 and were within 250 m of the subway station.
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Hypothesis 1 maintains that floor-level premiums are constant across different floor levels. However, in Eq. 4a, both c 1 and c 2 were significant at the 1% level with opposite signs. This suggested that the floor-level premium diminishes as floor level increases, hence rejecting Hypothesis 1. Since the quadratic floor function is rather restrictive, Eq. 4b provided a flexible step function for estimating floor-level premiums. Both the results of the step and quadratic functions are plotted in Fig. 2 . For the step function, we found a drastic jump in property prices from the 1st to the 2nd floor (about 15% of a property's price), which implied a great difference in perceived environmental quality (e.g., noise, security issues) between the first two floors. The premiums of the other floors appeared more or less the same, but a re-estimation of Eq. 4a without the first floor still showed a slightly diminishing pattern (with c 1 = 0.0505 and c 2 = -0.0031, both significant at the 1% level). Therefore, the hypothesis that the floor price gradient is linear was rejected as far as the low floor zone was concerned. A non-linear gradient likely resulted from variations in environmental quality along the vertical dimension.
Hypothesis 3 maintains that low-rise buildings do not command a premium or discount over high-rise buildings. However, in both Eq. 4a and 4b, the low-rise premium (b 1 ) was consistently positive and significant at the 1% level, suggesting that units in taller (and thus, denser) buildings were sold at a discount to units in shorter buildings, ceteris paribus. The estimated low-rise premiums were HK$48,584 in Eq. 4a and HK$39,076 in Eq. 4b, representing about 2-3% of the mean transaction price in the sample. These results rejected the constant density hypothesis and confirmed that there was a greater premium for shorter buildings than for taller ones. The premium can be attributed to a lower population density in the common areas of shorter buildings, as elaborated on in Sect. 2.
Next, we estimated Eq. 5a and 5b to test if the pattern of the floor-level premiums was constant across buildings of different heights, as maintained by Hypothesis 2. The regression results of Eq. 5a and 5b are shown in Columns 3 and 4 of Table 4 . Central to these equations are the interaction of terms LR with the floor levels. Both interaction terms in Eq. 5a and most of the interaction terms in Eq. 5b, however, were insignificant. There was no evidence to support the ''relative'' logic that floor-level premiums varied with buildings of different heights. Hence, Hypothesis 2 was not rejected. Floor level Price of a notional property (HK$mil)
Quadratic function
Step function Fig. 2 The relationship between floor levels and property prices Last but not least, as in Eq. 4a, Hypothesis 1 was rejected again in Eq. 5a in favour of the existence of the diminishing floor premium. Similarly, Eq. 5a and 5b affirmed the rejection of Hypothesis 3 in favour of a low-rise premium. The coefficients of the other control variables were largely the same as before. This shows the robustness of our results across different specifications. 
Conclusion
Based on two highly homogeneous groups of low-rise and high-rise buildings, we evaluated three hypotheses on the relationship between housing prices and floor levels in Hong Kong based on the hedonic price analysis. First, we found that the floor-level premium was not constant, but diminished with respect to rising floor levels in all hedonic model specifications. Second, although high-rise, high-density living is the norm in Hong Kong, the results consistently suggested that people still preferred to live in low-rise, and hence, less densely populated, buildings. Third, there was no significant difference in the pattern of floor-level premiums between high-rise and low-rise buildings, so the notion that the market values relative floor levels rather than absolute levels was not supported.
One obvious implication of the results is the specification of the hedonic price model for multi-storey residential buildings. In the literature, there were generally two ways to handle floor premiums in the hedonic price model: (1) high/low zone dummies and (2) linear specification (see Table 1 ). However, these methods are too restrictive to cope with changing environmental quality along the vertical dimension. Our results demonstrated that the floor price gradient is not linear in our case, so we would prefer more flexible specification on the floor-level premium. Moreover, we showed that the height of a building (as measured by total number of storeys) matters in pricing properties. Future hedonic studies should take this important, yet frequently ignored, factor into account.
Another implication is that developers can build taller residential buildings to boost revenue, although the marginal benefit of building an additional floor must be balanced against its cost. Based on the evidence we submitted above, there are two important considerations for determining a building's height. First, contrary to conventional thought, the floor-level premium is not constant. Our results suggested that it actually diminished as floor level increases, as far as a low floor zone is concerned. Second, due to congestion, there was an adverse density effect on the property values of taller buildings with the same footprint area. These two considerations, together with information on construction costs and regulatory constraints, should be taken into account when determining the optimal height of a building. Interested readers may refer to Chau et al. (2007) , which found that observed building height is very close to the theoretical optimal level derived from relevant cost and benefit constraints.
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9 A further robustness check was conducted by a fixed effect model in which a dummy for each separate building was added to Eqs. 4a and 5a. Hypothesis 1 was again rejected, with similar coefficients on FL (0.1169) and FL 2 (-0.0081) as before. The coefficients on LR*FL and LR*FL 2 were insignificant, hence failing to reject Hypothesis 2 as before. Hypothesis 3 cannot be tested in the fixed effect model because LR is exactly collinear with the building-specific dummies.
